HTX rat, a congenital hydrocephalic strain, develops ventricular dilatation and cystic cavities in the cerebral white matter after birth. To investigate the reactive changes in glial cells around these cavities, immunohistochemical staining for glial fibrillary acidic protein (GFAP), a specific marker protein of astrocytes, and bromodeoxyuridine (BrdU), a thymidine analogue, was carried out on 107 Wistar and HTX rat brains from birth to postnatal day (P) 26. Animals were divided into three groups: Group A, Wistar rats as normal controls; Group B, HTX rats with a normal structure or only mild ventricular dilatation without any lesion in the white matter; and Group C, HTX rats with severe ventricular dila tation and cyst formation in the white matter. Group B rats showed similar development of GFAP positive (GFAP<SUP>+</SUP>) cells to that in Group A rats, both morphologically and quantitatively. On the other hand, Group C rats showed definite structural changes in GFAP<SUP>+</SUP> cells around the cystic cavi ties from P5. These included enriched cytoplasm and thickened cell processes with increased GFAP expression, and enveloped most cyst walls from P10. However, quantitative examination of the per centage of GFAP<SUP>+</SUP> cells in Group C rats showed a similar developmental profile to those in Group A and B rats. Furthermore, the labeling index of BrdU-positive cells, indicating S-phase cells, in the white matter in Group C rats showed a similar decreasing pattern to that in Group A and B rats from P1 to P26. These results indicate that the GFAP<SUP>+</SUP> cells in HTX rats develop in a similar manner to those in Wistar rats, and that the reactive changes in the cyst walls occur immediately after the begin ning of GFAP production and have similar structural and functional features of lesion repair to those in adult brain pathology. However, the reactive changes do not involve new cell proliferation.
Introduction
It is known that glial fibrillary acidic protein (GFAP), a specific marker protein of astrocytes,2) is expressed in the rat brain shortly after the peak of astrocytic cell production around birth."') However, the chronological profile of GFAP expression in the cells of the rat cerebral white matter during the postnatal period has not extensively been investigated, and the nature of the reactive changes shown by astrocytes in pathological lesions at the neonatal stage is still con troversial. 1, 11, 14) In the HTX rat, an experimental model of in herited hydrocephalus,10) ventricular dilatation be gins in the brain from prenatal days 18-20,9) and cystic cavities also form in the cerebral white matter after birth."') Therefore, it is possible to observe some biological properties of the reactive changes in GFAP-positive (GFAP+) cells near the autochthon ously formed cystic cavities in the white matter using this rat strain.
The aim of the present study was a comparative evaluation of the structural and quantitative changes in GFAP+ cells in the cerebral white matter of both Wistar and HTX rats. In addition, we carried out bromodeoxyuridine (BrdU) immunohistochemis try20) to evaluate the cell kinetics in HTX rats.
Materials and Methods
107 Wistar albino and HTX rats",") were used as the experimental animals. They were divided into three groups: Group A, Wistar albino rats as normal con trols; Group B, HTX rats with a normal structure or only slight ventricular dilatation but no cyst forma tion in the white matter; and Group C, HTX rats with definite ventricular dilatation and cystic cavi ties in the white matter."' Two to eight rats in each group were examined on postnatal days (P) 1, 3, 5, 7, 10, 14, 18, 21, and 26. Each rat was administered 20 mg/kg of BrdU (Sigma, St. Louis, Mo.) intraperi toneally 1 hour before fixation '211 and then perfused with phosphate-buffered 4% paraformaldehyde fixa tive for about 10 minutes at room temperature. The brain was removed, sliced at the level of the optic chiasm, and then cut serially toward the frontal and occipital lobes. The tissues were dehydrated with a graded ethanol series and embedded in paraffin wax. Sections, approximately 4,um in thickness, were stained with hematoxylin and eosin, Kliiver-Barrera, and periodic acid-Schiff.
I . Immuno histochemistry GFAP:
The modified avidin-biotin-peroxidase complex (ABC) method of Hsu et al.') was used. Briefly, deparaffinized sections were pretreated with a mixture of methanol and H202 Calif.) was used as a con trol instead of the primary antiserum. The reaction products were visualized with DAB-H202 solution, as described above.
II. Quantitative analysis
In order to calculate the number of GFAP+ and BrdU-positive (BrdU+) cells, white matter outside the lateral angle of the lateral ventricle was select ed, because the expression pattern of GFAP+ cells in the white matter during development, as described below, and the morphology of the cystic cavities dif fered according to the sectioned level in the brain. In an area of 0.25 mm2, indicated by a 500 x 500,um square under a microscope fitted with an ocular micrometer scale (Nikon, Tokyo), the ratio (%) of the number of GFAP+ cells with nuclei to total number of cells was calculated, and the mean val ues ± SD in each group were expressed. The label ing index (%) of BrdU+ cells was calculated by the same method. In the present study, immature cell clusters beneath the ependymal cell layer were ex cluded from the calculation.
Results

I. GFAP+ and BrdU+ cells in Group A rats
GFAP+ cells were observed in the optic nerves, ependymal and subependymal cells in the medial part of the lateral ventricular walls, the marginal zone of the cingulate cortex, area II,") and the basal marginal zone of the brainstem, but not in the white matter, at P1. At P3, in addition to the above-men tioned areas, GFAP+ cells were found in the white matter at the callosal body and outside the lateral wall of the lateral ventricles. At P5, they were no ticed in the white matter on the lateral side of the basal ganglia. Reaction products of GFAP in these cells appeared as fine granules present in a small vol ume of the cytoplasm and also in short, delicate cell processes (Fig. IA) . After P10, the cytoplasm and cell processes became more prominent, and contain ed definite reaction products. Some of these proc esses enveloped small blood vessels (Fig. I B) . The percentage of GFAP+ cells in the white matter outside the lateral angles increased with postnatal development, rapidly increasing between P5 and P21, and became about 60% after P21 (Table 1, Fig.   2 ). The labeling index of BrdU+ cells in a similar area was 6.7 or 6.8 between P 1 and P7, and then de creased gradually (Table 2, Fig. 3 ). Although the in dex at P21 was apparently lower than at P26, there was no statistically significant difference.
II. GFAP+ and BrdU+ cells in Group B rats
GFAP+ cells in the white matter of Group B rats showed similar histological structures and numerical increase patterns to those in Group A rats (Table 1, Fig. 2 ). In addition, the labeling index of BrdU+ cells in the area of the white matter where the GFAP+ cells were examined also showed a similar decreasing pattern to that in Group A rats ( Table 2 . SD of each value is omitted. 0 : Group A, • : Group B, A: Group C. Table 2 Labeling indices of BrdU+ cells in the lateral angle white matter III. GFAP+ and BrdU+ cells in Group C rats HTX rats show definite ventricular dilatation asso ciated with cystic cavities in the white matter after birth, as described by Jones and Bucknal19) and Yoshida et al.'s) The white matter outside the lateral angle was situated in the rostral portion of the cavities, and also made up the roof of the cavity.") In this area, GFAP+ cells were first recognized at P3, although the early cystic changes were already pres ent from P 1 (Fig. 1Q . BrdU+ cells were observed in this area from P 1, but their numbers were not greater compared with those in Group A and B rats (Fig. 1D, Table 2 ). The structures of GFAP+ cells be tween PI and P3 were similar to those in Group A and B rats of the same age. However, GFAP+ cells in the cyst walls had a different morphological ap pearance compared with those in Group B rats at P5 onward (Fig. 1E) . The cells had enriched cytoplasm and thickened, long cell processes, in which im munocytochemical reaction products of GFAP were strongly expressed (Fig. 1E, F) . In contrast, GFAP+ cells in the white matter distant from the cysts, such as the cerebral peduncles of the brainstem, as well as those in the cortex, did not show any of these changes. Thus, the GFAP+ cells around the cavities were considered to be hypertrophic astrocytes form ed reactively around the lesions. The reactive cells did not always envelop the walls in the early stages between P3 and P7, but did so at P 10 onward. Reac tive cells in the walls at P26 had a small amount of cytoplasm but still had long cell processes, thus re sembling fibrous astrocytes (Fig. 1G, H) .
The percentage of GFAP+ cells in the white matter outside the lateral angles chronologically increased in a similar pattern to that in Group A and B rats ( Table 1, Fig. 2) , and the labeling index of BrdU+ cells in the same area also showed a similar pattern of decrease (Table 2, Fig. 3 ).
Discussion
It is known that GFAP expression by astrocytes in the rat cerebrum is first seen in the periventricular area at P4, and then spreads to the whole cerebral white matter by around P10."') In the present study, we attempted to detect GFAP+ cells immunohisto chemically by the modified ABC method,') in which trypsin pretreatment 13) and HRP-labeled streptav idin4) were used to detect the antigen more sensitive ly. In the white matter of Wistar and HTX rats, the GFAP+ cells appeared in the optic nerves at birth, in the callosal body and the lateral side beneath the ventricular walls of the anterior and posterior horns at P3, and in the lateral part of the basal ganglia and the internal capsule at P5. Thus, the time taken for GFAP expression to appear in the developing white matter depends on the location.
No geno or phenotypic alteration of GFAP ex pression in HTX rats has yet been reported. Our com parison of immunohistochemical GFAP expression between Wistar and non-hydrocephalic HTX rats showed similar structural and quantitative develop ment during the postnatal period from birth to P26. BrdU+ cells, indicating the S-phase of the cell cycle, in the white matter of HTX rats also showed a similar decreasing pattern to that in Wistar rats at the same location.
These findings indicate that non hydrocephalic HTX rats have a morphologically nor mal development of GFAP expression in the brain.
It is known that HTX rats have definite ventricular dilatation accompanying cystic cavities in the cere bral white matter due to interstitial edemas) caused by increased cerebrospinal fluid pressure and epen dymal disruption.",")
The cavities are one type of lesion induced autochthonously in the developing white matter. In the present study, GFAP+ cells around the cavities appeared normal between P 1 and P3 despite the presence of the lesions. However, they showed definite hypertrophic changes from P5, con sisting of enriched cytoplasm, thickened cell proc esses, and increased GFAP expression. These changes only occurred around the cavities. Thus, we considered them to be reactive astrocytes, which were morphologically identical with those appearing in the adult brain lesions.',' Since the GFAP+ cells in the white matter outside the lateral angle initially have a normal appearance at P3, and develop reac tive changes from P5, they seem to be able to alter their structure in response to the cystic cavities a few days after the start of GFAP production. Then, the 
